Complex sentences involving adverbial clauses appear in children's speech at about three years of age yet children have difficulty comprehending these sentences well into the school years. To date, the reasons for these difficulties are unclear, largely because previous studies have tended to focus on only sub-types of adverbial clauses, or have tested only limited theoretical models. In this paper, we provide the most comprehensive experimental study to date. We tested four-year-olds, five-year-olds and adults on four different adverbial clauses (before, after, because, if) to evaluate four different theoretical models (semantic, syntactic, frequency-based and capacity-constrained). 71 children and 10 adults (as controls) completed a forced-choice, picture-selection comprehension test, providing accuracy and response time data. Children also completed a battery of tests to assess their linguistic and general cognitive abilities. We found that children's comprehension was strongly influenced by semantic factors -the iconicity of the event-to-language mappings -and that their response times were influenced by the type of relation expressed by the connective (temporal vs. causal). Neither input frequency (frequency-based account), nor clause order (syntax account) or working memory (capacity-constrained account) provided a good fit to the data. Our findings thus contribute to the development of more sophisticated models of sentence processing. We conclude that such models must also take into account how children's emerging linguistic understanding interacts with developments in other cognitive domains such as their ability to construct mental models and reason flexibly about them.
Introduction
In order to construct a coherent mental representation of the events described in complex sentences, listeners must be able to interpret connectives to establish the semantic relationship (e.g., temporalityafter, when etc., causality -because, since, concession -although, even if etc.) between the main-and the subordinate clause. An additional challenge for listeners is that in English (and other languages, but not in all) the two clauses can occur in two orders. Compare "She had a cup of coffee before she submitted the paper" and "Before she submitted the paper, she had a cup of coffee". In the first sentence, the clause order reflects the order of events in the real world -it is 'iconic'. In the second sentence, the clause order is reversed.
Although complex sentences involving adverbial clauses appear in children's speech at about three years of age (Diessel, 2004) , experimental studies found that children have difficulty comprehending these sentences even at the age of six, nine, or even twelve years (e.g., Emerson & Gekoski, 1980; Johnson & Chapman, 1980; Pyykönen, Niemi, & Järvikivi, 2003) . They misinterpret the temporal order, or reverse cause and effect in causal sentences. Researchers have suggested different explanations to account for these -often conflictingfindings. But because individual studies have typically looked at only one type of adverbial clause, and used varying methodologies, it is difficult to determine possible differences and commonalities in the precise influences of different factors on children's performance across sentence types. The present study investigates the comprehension of four different sentence types (after, before, because, if) , to test the predictions of four different theoretical accounts.
We first provide a brief characterisation of the four sentence types under investigation, together with a short discussion of causality, which is central for the understanding of because-and if-clauses. We then present four different theoretical accounts of complex sentence processing in children that we have identified in the literature: (1) the semantic account, which assumes that iconicity is the main factor; (2)
